ae Transport Transports TP 3087 
Canada = Canada 


~ Cteategic —_ Planification 
ling  stratégique 


Canada 


\ ye 7 
2 


. a 


CAPITAL STOCK AND INVESTMENT 
IN THE TRANSPORT SERVICES INDUSTRY 


RAIL TRANSPORT 


Macro-Economic Analysis Division 
Economic and Regional Analysis Branch (DERA) 
1980 


\ 


| © Minister of Supply and Services Canada 1981 
Cat. No. T22-54/1981 
ISBN 0-662-51473-4 


iv 


Transport Transports 
Canada Canada 


PREFACE 


No matter whitch economte theory one subscribes to, investment steadily 
holds a primordial posttton. Thts importance proceeds from invest- 
ment's double role in every economic activity: first as a final good 
and second, matnly as a factor of production. 


In the transportation services industry, investment (and therefore 
capttal stock) assumes an even greater role. In fact this industry is 
charactertzed by investments that are massive, tndtvistble and whose 
Life expectancy is relatively long. Consequently, and gtven the un- 
certainty wrapping most of recent economic forecasts and reflected in 
the many rate-of-return related variables, investment decisions must, 
more than ever, ascertain the adequate profitabiltty of projected 
tnvestments. 


Although tnvestment needs over the coming decade are enormous, the 
problem set by thetr stze is relattvely less tmportant than their 
sectorial and regional allocation. In fact, a sizeable portion of 
these tnvestments will go to the energy sector, financed (given gov- 
ermment energy pricing poltcy), through retained earnings in that 
sector. That same policy will also inerease government revenues. As 
for the regtonal aspect, tt ts much tn evidence. The majority of 
these tnvestments will take place in western Canada. 


Energy price tnereases would not therefore only cause a relattve 
scarceness of tnvestment allocated to the transportatton sector, but 
also, gtven the importance of fuel costs in this sector's operating 
costs, reduce the profits. This itn turn would reduce the sector's 
capacity to self-finance tts investments and induce the resort to the 
more and more expensive external financing. Thts in turn reduces pro- 
fits even further. Moreover, these energy price tnereases wtll aecel- 
erate, more than in any other sector, technological aging of machine- 
ry, pushing investments for replacement purposes to an even higher 
level. 


Place de Ville 
Ottawa 
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In thie context, it was deemed necessary to restate the question of 
capital stock and investment in the transportation services industry 
for all four modes: Air, Rail, Water and Motor. At present, reports 
on the first two modes only are avatlable. 


We are happy to offer you thie document in the hope that you may find 
it both interesting and useful. Comments or questtons may be address- 
ed to either Mr. J. R. Welch, Director, Economte and Regtonal Analysts 
Branch, Strategte Planning Group, or Mr. Y. Sabourin, of the same 
Branch. 


Macro-Economte Analysts Ditviston 
Economte and Regtonal Analysts Branch 
Strategte Planning Group 


June, 1981 
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SUMMARY 


This report presents an analysis of investment and capital stock in rail 
transport. The evolution and structure of physical capital, its 
determining factors and the forecasts for the 1980s are examined. 


Demand, Investment and Capital Stock 


Since the post-war years, real domestic production of rail services has 
risen by nearly 4% a year on the average compared to about 5% for the 
economy and all transport services. Actually, this growth in rail 
transport was concentrated in 1961-1973, at a rate of more than 6% a year. 
Investment, on the other hand, soared in the 1950s and subsequently became 
stabilized. Thus, capital stock peaked in 1961 and then decreased 
substantially until 1971 because of numerous retirements and a decline in 
investments. Although engineering works progressed more slowly than 
machinery and equipment, their relative share of capital stock still 
remained high at 65% in 1978 compared to 81% in 1949. 


Technological Progress and Capacity 


The amalgamation of four rail systems into Canadian National between 1917 
and 1923 revealed the problem of overcapitalization. This was compounded 
by the large investments of the 1950s. Technological advances, 
"dieselization", the increased capacity of new cars, progressive growth of 
locomotive power, all combined to boost investments, particularly during 
the 1950s. Surplus capacity was progressively absorbed by the increased 
demand for rail services in the 1960s and the early 1970s. An increasingly 
greater utilization of capital may account for the stabilization in 
investment spending during this latter period. 


Xi 


Despite the stabilization in investments, productivity of the labour force 
rose by 8% a year on the average between the early 1960s and early 1970s. 
In fact, technological progress and the large investments of the 1950s made 
it possible to meet the steep growth in demand during 1961-1974 with a 
relatively lower investment and a smaller work force. 


Aging of Capital Stock and Repair Expenditures 


Along with the progressive absorption of surplus capacity has been the 
continuous aging of capital rolling stock, which started in the late 
1950s. This may be reflected in the repair expenditures, which more than 
tripled between 1960 and 1978, increasing from $309 million’ to 
$1.06 billion in nominal terms. 


Forecasts 


Major investments in rail services can be expected given the aging stock of 
machinery and equipment and the anticipated moderate increases in demand. 
The emphasis will be on replacement investments, but some investment to 
meet the growing demand will also be required: about $11 billion (in 1978 
dollars) in total will be invested between 1979 and 1990. Of this amount, 
$5 billion will be earmarked for machinery and equipment and $6 billion for 
construction, i.e., engineering and buildings. Productivity will increase 
more slowly, but with no major technological developments likely, at least 
for the medium term, and with demand growing at a much slower pace than in 
the 1960s and early 1970. This should translate into strong upward 
pressure ,on..costs. Finally, «it may, be: difficultse to» finance: investments 
particularly in view of competition from other sectors in the capital 


market, notably the energy sector, and because of the higher than 
historical interest rates. 
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INTRODUCTION 


This study is the second volume of a comprehensive analysis of investments 
and capital stock in different transport modes. Some of the concepts used 


here are explained in more detail in the first volume, which deals with 
investment in the air transport sector. 


An attempt to analyze or forecast investments in the rail sector! must 
overcome certain methodological problems. That is, some basic hypotheses 
of economic theory cannot be fully respected, such as perfect competition, 
maximization of corporate profits and constant rate of capital stock 
utilization. This raises problems in establishing reliable econometric 
specifications for relating rail investments to production. Investment in 
the rail sector also has been influenced by social and political 
considerations, which interfere with purely economic analysis of investment 
projects. Often subsidies have "artificially" boosted demand in 
monopolistic situations; they represent an extraneous’ factor that 
complicates the production forecasting aspect. Finally, it is difficult to 
analyze the capital/output ratio from the view point of traditional 
economic theory alone, owing to the continuing surplus capacity in rail 
transport. 


Chapter 1 presents an historical analysis of the behaviour of the major 
variables in rail sector investments since the end of the Second World 
War. Chapter 2 deals with technological progress and capacity development 
while Chapter 3 covers some leading indicators of investment such as 
obsolescence of stock and repair spending. Chapter 4 deals with subsidies, 
the government instrumental variables. Investment prospects are the topic 
of Chapter 5. 


1 Statistics Canada publication No. 13-211 Flux and Fixed Capital Stocks 
1926-1973. This is Statistics Canada's only officially available 
source on capital stock in rail transport in accordance with economic 
concepts. 


This report is the first stage in the work of the Macro-Economics Section 
of the Economic and Regional Analysis Branch (DERA) regarding railroad 
investments. Comments are invited and will be taken into account in the 


preparation of subsequent studies. 


CHAPTER 1 


DEMAND, INVESTMENT AND CAPITAL STOCK 


1.1 Demand 


First the development of demand since the Second World War is examined to 


establish the proper context for the transport industry. The real domestic 
product is used to analyze the demand. 


The real domestic product (RDP) for rail services rose by about 3.9% a year 
on the average between 1949 and 1978. This is significantly lower than the 
RDP growth of close to 5% for total transport services and the economy as a 
whole for that period. Nor, was the growth in rail sevices uniform, having 
been particularly low in the 1950s and high during the 1960s and the early 
1970s. Since 1974 the growth in rail service production has slowed down 
considerably because of the economic recession. This slow growth rate in 
rail compared to transport services as a whole over the last 30 years has 
led to a drop in its relative share of production (Table 1). 


TABLE 1 


Growth of Rail Transport and its Relative Share in Total 
Production of Transport Services 


Pat Average Annual Growth 


1949-78 3.% 
1949-61 
1961-71 
1971-74 
1974-78 


Average Relative Share 
of Total Transport 


This decline of the relative share or rail service can be explained in part 


by compet ition: 


"In summary, railroad transport is losing ground. The 
introduction of the truck and the establishment of a 
well-developed, often underpriced, highway system account for 
this trend. Trucking is more flexible than rail transport, 


hence its predominance in mixed cargo hauling."2 


Table A-1 (Appendix) shows that the RDP/capital stock ratio began to rise 
steeply in 1962 and continued to rise until 1973 at an annual average rate 
of 7.6%, but remained stable thereafter. Admittedly this ratio represents 
a productivity index of capital stock based on the hypothesis of a constant 
labor force, which is not true because the labour fource declined by 18% 
during 1962-1973. (It will be shown later that major technological 
advances and better planning accounted for the significant recorded gains 
in productivity.) A similar result can be achieved by using the 
RDP/employment ratio, which would approximate labour force productivity 
based on the assumption of a constant capital stock (Table A-7). This 
latter ratio also shows a significant annual increase of 8.3% while capital 
stock actually declined by a total of 11% between 1962 and 1973. 


Although the intention here is not to undertake a more detailed 
productivity study - this will be the topic of a subsequent report - the 
importance of the contribution of capital stock in sizeable productivity 
gains over the last 20 years should nevertheless be acknowledged. 


1.2 Investment 


Along with the drop in the relative share of rail services in transport 
services aS a whole, the share of railway investment has sharply decreased 
Since 1949, Expressed as percentages of total transport investments, these 
expenditures underwent two different phases (Table 2). During the first, 
from 1956 to 1971, rail's average share remained above 53%; during the 
second, from 1971 to the present, the share declined to only 23% on the 


average even though rail production rose more steeply during the latter 
period. 


¢ Le prix du transport au Québec, J.-L. Migué, G. Bélanger and 


M. Boucher, Department of Transport of Québec, Québec, 1978. 


TABLE 2 


Growth of Rail Investment and its Relative Share 
of Total Transport Investment 


eee Average Annual Growth Rate 


1956-78* -1.6% 
1956-61 
1961-71 
1971-74 
1974-78 


Average Relative Share 
of Total Transport 


* No data on total transport investment are available prior to 1956. 


This change coincide with the publication of the Report of the Royal 
Commission on Transportation which recommended that CN railways eventually 
should withdraw from non-profitable services unless they were considered 
essential to the public3; during that period CN had in fact recorded a 
significant deficit in passenger service. 


FIGURE 1 
Gross Fixed Capital Formation in Rail Transport 
(millions of 1971 dollars) 
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3 See also H.L. Purdy, Transport Competition and Public Policy in 


Canada, 19/72. 


A chronological analysis of the distribution of investment spending 
building (Table A-4) reveals that between 1949 and 1954 most of the funds 
were earmarked for machinery and equipment, followed by engineering 
projects. Subsequently, however, spending on engineering projects exceeded 
the former on the average. From 1949 to 1978 investments in engineering 
projects predominated: they totalled 5.9 billion (1971 dollars), followed 
by machinery and equipment, $4.7 billion (1971 dollars), and finally, 
investments in buildings, $640 million (1971 dollars). Analysis of these 
series does not permit any conclusion on any particular trend only an 
observation that the 1952-1960 period was somewhat stronger. This means 
that in relation to gross national expenditure (GNE), these expenses slowed 
down. 


The’! synthetic price ‘index of total investment “in “rail transport 
(Table A-10) appears to have shown the same trends as the GNE during 
1950-1978. During the last four years, however, a new trend seems to have 


elevated rail sector investment into a higher category, mostly because of 
increased costs of machinery and equipment. 


Ls, Capital Stock 


The amalgamation of four rail systems to form Canadian National between 
1917 and 1923 revealed serious problems related to overcapitalization. 
Given the competitive character of the original systems, the consolidation 
often led to duplication of facilities (excess capacity), especially on 
the main routes. Subsequently some services, passenger services in 
Particular, were cut on existing lines / in an attempt to reduce the 


operating deficit. (This problem of excess capacity, however, should 
diminish as the Canadian economy grows.) 


FIGURE 2 
Gross Fixed Capital Stock in Rail Transport 
(millions of 1971 dollars) 
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Capital stock is the sum of gross investments in time less the value of 
retirements of stock having reached the end of its useful lifetime.4 From 
1949 to 1978 the gross rail capital stock in constant dollars grew at an 
average annual rate of only 0.2%. Significant growth of about 1.4% a year 
in the 1950s was followed by a decline in the 1960s. Paradoxically, demand 
for rail services was low in the 1950s and high in the 1960s. Figure 2 
shows a Clear decline in gross stock starting in 1961, resulting from a 
marked decline in gross investment and more stock retirements (Figure 3). 
The recovery appearing to occur after 1972 is entirely due to a decline in 


these retirements. 


4 This is the so-called "perpetual inventory" method. 
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To better understand these retirement trends after 1962, it is helpful to 
look at the estimated useful lifetimes of railroad stock by category of 
investment: building construction, 50 years; engineering construction 
99 years; machinery and equipment 28 years; capital expenditures charged to 


operating expenses, 5 years. Capital stock for engineering construction 


accounts for about two-thirds of total capital stock; therefore, past 


investment in this category has the greatest impact on present retirements. 


FIGURE 4 
Depreciation 
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The total length of tracks in operation rose steeply between 1907 and 1917, 
from 27,611 miles to 50,253 miles, and in 1976 the total length of trackage 
amounted to only 59,85U miles. This spectacular growth can be explained in 
part through the massive immigration (700,000 persons) to the three western 
provinces during the first decade of the 20th century. This also boosted 
the volume of freight carried between East and West, owing to both the new 
domestic demand for equipment and supplies and the high overseas demand for 
grain. Because retirements of engineering construction occur after about 
55 years, logically there should be a marked decline in total gross capital 
stock in the rail sector between 1967 and 1971. 


A breakdown of the components of gross capital stock is shown in 
Table A-5. During 1949-1978 building stock remained roughly constant, that 
for machinery equipment and rose by 2.8% annua Llys~ but,» «stock “of 
engineering construction declined by 0.6% a year. In 1949, the latter 
stock was six times greater than that of machinery and equipment; today 
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engineering construction stock is no more than twice that of machinery and 
equipment. This reduction in gross stock of engineering projects occurred 
entirely during the 1960s and and was followed by a stabilization in the 
1970s. 

TABLE 3 


Average Total Investment Expenditures 
in The Rail Sector 


(1971 dollars) 


Bui Idings Engineering 


1949-1960 
1961-1970 
1971-1974 
1975-1978 


* Machinery and equipment. 


CHAPTER 2 


TECHNOLOGICAL PROGRESS AND CAPACITY 


2.1 Evolution of Machinery and Equipment 


In 1950 there were about 4,635 steam locomotives in Canada. Only 15 years 
later they had been replaced by diesel and electric ones). 


FIGURE 5 
Number of Locomotives in Service by Power Source 
1942-1975 
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Truck and Rail Technological Developments to 1990, CTC, Research 
Branch, 10-78-19, Ottawa. 


es 


equipment during 1951-1960 (Table A-4). Technological progress also made 
it possible to increase the average power of diesel locomotives 
considerably from 1,0U0 h.p. in 1945 to 1,917 h.p. in 1975. Thissfana term, 
made it possible to operate longer, faster trains, which led to a decline 
in the number of locomotives after 1950. 


FIGURE 6 
Freight Cars in Service 
1945-1975 
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Total length of trackage did not increase markedly during 1951-1960. The 
number of freight cars rose by only 17% between 1945 and 1975 (Figure 6), 
but their capacity increased from about 45 tons to nearly 65 tons on the 


average, enabling rail transport to meet the present higher demand. 


FIGURE 7 
Average Capacity of Freight Cars 
1926-1975 


Tonnes 


2.2 Definitions of Capacity 


As mentioned before, overcapitalization led to Surplus system capacity. 
Also, the RUP/capital stock ratio did not change significantly between 1949 
and 1961 (Table A-1), remaining relatively low. During 1960-1973, however, 
this ratio rose sharply owing to strong demand, a more productive system 
and the retirement of old stock on the lines with surplus SapaCteyivalt “Ss 
important to remember that there is more than one way of evaluating and 
defining capacity, and this should be examined now because capacity is a 
Significant indicator for forecasting major investments. 


In fact, the concept of the capacity of a network is the key element for 
all planning. The several definitions for capacity, range from the 
physical capacity to supply a service to the last stage before total 
congestion of the network or the so-called economic capacity. This latter 
defines level of service, for example, as that where average costs are at 
their minimum (i.e., where marginal costs begin to rise). A level of 
optimal service, therefore, must be determined, but there is more than one 
ericeriou,,.or., "optimal". A.F.. Joplin6 of Canadian Pacific gave the 
following definition for the physical meaning of capacity as used in his 
company: 


"The number of gross tons that can be handled over a definite 
segment of track by a definitive number of trains of a 
definitive mix of service and size within a given period of 
time." 


Capacity is a very general term. It would be preferable to speak of the 
capacity of the various elements that make up a railroad network, e.g., 
capacity of lines, locomotives, cars, marshalling yards, etc. There are 
simulation models describing the Canadian rail network in some detail which 
actually permit testing of system capacity, but these have not been used 
here. Instead a set of macro-economic indicators is presented that permit 


Proceedings of the Transportation Research Forum, "Rail Capacity 
Planning", A.F. Joplin, 1975. 
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a year-to-year comparison of the global capacity of one element of the 
network, but without requiring an in-depth analysis of each section of the 
system. 


To define the capacity of a network in this context is to speak of its 
level of congestion or its economically desirable use. The optimal supply 
of services should be compared to the demand to determine the freedom of 
action, which, in turn, reflects the quality of the service. 


So long as optimal supply is proportional to capital stock, these 


indicators for track use (Table 4) could be constructed: 


RDP/track mileage, 
ton-miles/track mileage, 
number of cars hauled/track mileage, or 


RDP capital stock in engineering construction. 
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TABLE 4 


Aggregated Indices of Track Use 


RDP/track tons-mi les/ cars hauled/ RDP/capital 
Year mi leage* track mileage | track mileage stock in 

engineer ing 

construct ion 
1957 1.8 1.41 6.6 
1958 1.6 Lot pe) 
1959 1.6 1.34 6.7 
1960 1.6 1.30 6.5 
1961 1.6 ee 6.5 
1962 137 1.34 Not available 7.0 
1963 1.8 1.49 7.6 
1964 Fad Ld 8.8 
1965 252 1.76 9.6 
1966 253 1.91 10,1 
1967 233 1.85 10.6 
1968 25 1.87 11.9 
1969 23/ 1.88 13.6 
1970 23/ (aes Wo 7.4 14.6 
1971 382 2.45 8.0 15.9 
1972 333 2.08 8.0 16.7 
1973 35 2.62 8.5 l/s¥ 
1974 3.8 2./9 8.6 19.1 
1975 3.6 2.76 om 18.1 
1976 3a/ 2.80 8.0 18.3 
1977 3.8 2.93 8.2 18.4 
1978 ot a es Not available 18.6 


* Total length of networks less that of yards. 


To determine use of locomotives, the following ratios could be used (on the 
assumption that total power is proportional to average power ): 


RDP/total locomotive power, 

RDP/capital stock in equipment and machinery, 
number of ton-miles/total locomotive power, or 
tonnage carried/total locomotive power. 
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TABLE 5 


Aggregated Indices of Locomotive Use 


RDP/ 
capital tons-niles/ 
RDP/total stock in total tons miles/ cars hauled/ 
locarot ive machinery | locomotive |power/Tength| total locomotive 

power* & equipment power of trackage power 
1957 31 
1958 2/ 
1959 2/ 
1960 2 
1961 2 
1962 20 
1963 2/ 
1964 Not available 30 Not available 
1965 aC 
1%b6 31 
1967 31 
1968 32 
1969 33 
1970 3 
1971 COD 3/7 22.1 72.0 463 
1972 2/9 38 AWE | 67.4 456 
1973 dg 40 255 66.2 429 
1974 27 .6 43 20.2 62.5 422 
1975 24.5 40 1835 52.0 388 
1976 24.1 39 18.2 SU 334 
1977 23%9 40 18.4 Si) 391 
1978 Not available 40 ____—dNott available 


available prior to 1971. 


Although locomotives do not constantly use their peak power, the expression 
ton-miles/total power is analogous to some expressions used in physics such 
as work/power = time. "Work" in this case is the ton-miles caused by 
friction and air against which the locomotive operates (on the assumption 
that the load is proportional to the force of traction). "Power" is the 
average power used to produce work, and "t" jis the total time of 
execution. This total time partially measures the inverse of the 
locomotive capacity and represents the actual demand on the rail network 
given its current technological capability. 


iw 


2.3 Recent Trends in Capacity Indicators 


Thus the demand expressed in terms of production of services for demand on 
the network is incomplete because it is actually the "leasing" time of the 
track which counts for rail service. Medium speed increased from 18 mph to 
22 mph between 1954 and 1976. It would be interesting to define a function 
that includes the use of track and locomotives with the demand. The 
capacity to meet this demand would partially depend on the length of 
trackage, i.e., implementation time/total trackage although this formula 
presupposes uniform use of the trackage. (Tables 4 and 5 show how these 
different indicators have performed over time. ) 


These indicators, in effect, do not reveal the capacity of the system but 
rather the average load factor. A high degree of use means that capacity 
problems are more likely to occur but also that returns to scale may begin 
to decline. Analysis of these indicators shows that stock use has clearly 
improved between 1961 and 1977. If data were available on earlier years 
they would provide information on the impact of implemented recommendations 
from the 1961 MacPherson Commission. Thus the RDP per track mile rose by 
close to 7% a year between 1961 to 1974 and its ratio to engineering 
capital stock by 8.6% for the same period. The slowdown observed for these 
series after 1974 can be directly related to the slowdown in growth in 
demand. 


The aggregated indicators for locomotive use unfortunately do not go very 
far back in time because total locomotive power was not included in rail 
statistics compiled. by Statistics Canada before 1971. Compared to the 
stock of machinery and equipment, it appears that locomotive use has 
increased since 1961. But according to the indicators based on the concept 
of total (peak) locomotive power, there has been a decline. This is 
because this peak power is much higher than the mean operating power 
required since it is primarily intended to achieve faster starts for 


heavier loads. 


A more detailed analysis of the capacity should also take into account the 


capacity of marshalling yards. Aggregated data, however, would be 
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difficult to interpret in the macro-economic context because marshalling 
yards are too closely linked to the structure of the network. This study, 
therefore is confined to general trends and data, but it would be desirable 
to complement it with further analyses having a more micro-economic 
approach. Thus the major routes likely to face more immediate saturation 
problems, Vancouver-Calgary and Vancouver-Edmonton, should be the subject 
of a full study where regional economic forecasts would serve to determine 
the demand for regional rail services. This would permit pinpointing the 
optimal investment level to obtain a capital use rate which would forestall 


decreasing returns to scale. 


The data used in Tables 4 and 5 are Statistics Canada aggregated series. 
Series such as number of trains per day, total ton-miles per train per day, 
running time, etc. also could make it possible to compute some indicators 
Similar to those described here. 


CHAPTER 3 


AGING OF CAPITAL STOCK AND REPAIR EXPENDITURES 


3.1 Aging of Stock 


Net investment, according to the Statistics Canada definition, is a concept 
that bases total stock depreciation on its useful lifetime in linear 
progression (refer to subsection 6.2). If the net stock concept is used to 
evaluate productivity the result would tend to have an upward biais. But 
in fact, production output of a given stock does not drop as fast as its 
depreciated value, thanks to proper maintenance and repair expenditures 
(Table A-8). Since depreciation is a function of the useful life span of 
the stock, an interesting mean-age indicator could be established by using 
the real net stock/real gross stock ratio which also reflects production 
capacity./ If this ratio increases over time, this could be construed as 
stock "rejuvenation". This is what happened during 1956-1970. From the 
charts of gross stock (Figures 1-4) and (Figures 8, 9), it is apparent that 
the gross stock has dropped considerably because of significant retirements 
while the net stock has increased. 


FIGURE 8 
Net Railway Stock 
(millions of 1971 dollars) 
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7 Postwar Productivity Trends in the United States, 1948-1969, 
ohn W. Kendrick, N eneral Series ,» New York, » page 28. 


19 


20 


After about 1955 construction stock, consisting of buildings and 
engineering works, has rejuvenated continuously, machinery and equipment 
stock on the other hand, has aged steadily since 1959 (Table 3-A and 
Figure 9). 


FIGURE 9 
Net Stock/Gross Stock Ratios 
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3.2 Repair Expenditures 


Aging of stock is also characterized by higher repair costs. In 1978 total 
repair expenditures reached about $1,066 million or twice what the 1973 
level in nominal terms (Table A-&). This is even more striking because 
capital expenditures in 1978 amounted to only $568.5 million. These 
repairs were required mainly by aging machinery and equipment, which 
accounted for 59.6% while their share of gross stock was only 29.9%. This 
further reduces the expenditures available for investment. 


2] 


TABLE 6 


Ratio of Repairs/Gross Investments 


* Statistics Canada definition in publication No. 61-205 
Private and Public Investments in Canada. 


1966-70 1976-78 


Repairs are defined as "overhaul and minor repairs appropriate for 
maintaining capital in good running order."& The steep increases in 
repair expenditures, which began in 1973, soared to a mean annual rate of 
17% for non-residential construction and 15.7% for machinery and equipment 
in nominal terms by 1978. These two items represented only 4.3% and 6.3%, 
respectively, in nominal terms between 1962 and 1973. Aside from the 
phenomenon of aging, the high inflation rate of the last few years should 
also be taken into account when estimating the amount available for 
investment. 


3.3 Construction and Repair Categories: Regional Synopsis 


Statistics Canada's yearly publication Construction in Canada provides very 
disaggregated data on capital outlays and construction repairs for all 
Canadian provinces. This breakdown shows four major groups of expenditures 
concerning railway transport: 

a) railways (stations, offices and line facilities), 

b) railways (workshops, locomotive sheds, water and fuel stations), 


c) tracks and roads, 


d) signals and switching devices. 


8 Construction in Canada, Statistics Canada, Catalog 64-201, annual. 
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Forecasts for total expenditures for capital stock in 1978 for these four 
items were $31.1, $13.8, $324.9 and $27.5 million, respectively. Between 
1956 and 1972 expenditures for the three other than signals and switching 
devices fluctuated very little. Since 1973, however, all of these 
expenditures have grown substantially, partly because of inflation. In 
1974, repair expenditures for each of these categories were $29.7, $1S.6; 
$351.6 and $46.2 million, respectively. These levels compare well with 
those of investments. 


The next step is to examine the regional distribution of these expenditures 
(construction investment and repairs) for tracks and roads only which 
account for 80% of total railroad transport construction. 


Ontario has the highest intended expenditures in 1978, I Gxt, 
$129.8 million. Second is British Columbia, with $64.6 million, followed 
by Alberta with $38.7 million, Québec with $28.1 million, Manitoba with 


$24.3 million, Saskatchewan with $24.0 million and the Maritimes with 
$15.3 million. 


Since 1954 Ontario has received most of these expenditures (Table 7) or 
nearly 30% distributed evenly over the period of this study. 
British Columbia received particularly large investments in track and road 
construction during 1969-1975, amounting to nearly 45% of the total for 
Canada in 1972 compared to an historical average of 23%. 
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TABLE 7 


Provincial Breakdown of Expenditures New Track and Road Construct ion 


Year Total Maritimes Quebec Ontario Manitoba Saskatchewan Alberta British 


Canada Colunbia 
Relative Share of the Major Provinces 
'OO0$ 
1954 42346 116 8200) 245 045 .050 124 140 
1955 61199 .098 163.369 .069 073 071 alhey: 
1956 121788 067 tg" 2.209 .079 084 .070 .298 
1957 141098 067 S44 265 .090 .070 .078 2/6 
1958 145269 .068 1688323 106 094 085 156 
1959 167542 107 299 ~=.246 .098 077 .073 100 
1960 163198 .097 355 =.244 rib ova .065 083 074 
191 122161 .095 5290 .299 092 .C80 086 AZ 
1962 107295 118 169 = .307 091 0/2 .108 Hee 
1963 127473 093 E136. 290 101 .080 116 182 
1964 124580 072 143.278 .085 .076 AIRY) .209 
1965 102086 042 Glee 05 .058 Blk 243 
19%6 130145 041 BIA 302 061 062 186 141 
1967 156461 046 .0S4 = .254 Bhs 047 .303 143 
1968 137035 -043 AG 4279 AVA 071 5240 188 
1969 129708 061 09 A o8c/0 091 Od 105 aC iB 
1970 138200 .053 40/8-* 3282 .081 054 081 aa/1 
1971 146234 .040 076 ~=.244 .070 059 .079 432 
1972 152412 035 L063" 2253 .076 505) .076 446 
1973 201742 .042 082  .299 .056 .046 .069 406 
1974 238919 .040 Code s/c .050 057 .079 320 
1975 272285 .044 3106 =**52/6 .078 .066 136 294 
1976 292974 .038 1003271 087 081 rt5t a fa 
1977 295310 .U50 LOURec37 .093 077 184 .209 
1978 324881 .048 086 .399 .075 .074 119 199 


Between 1954 and 1966 expenditures in Québec were the highest in the 
country. They reached 19% of the total, for Canada compared to 14% for 
1954-1978, slightly higher than Alberta's share of 12h. Québec has a 
geographical advantage because its population is concentrated along the 
St. Lawrence River, which eliminated the need for an extensive rail 


network. 


Expenditures for track and road repair for 1978 break down as follows: for 
Ontario, ouly.1. million; 8.C., $58.3 million; Québec, $47.7 million; 
Manitoba and Saskatchewan, $32.8 million each; and the Maritimes 
$22.4 million. 
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Repair costs represent usually between 80% and 90% of construction 


investment expenditures for track and roads (Table A-Y). 


Table 8 shows the per-capita means annual expenditures in each province for 
new construction, and track and road repair for some selected periods in 
the investment cycles. For many years, total expenditures apparently were 
higher for the provinces west of Ontario. Except during 1954-1960, average 
repair costs in Canada (bottom line in Table 8) tend to be lower than 
construction costs because of the rejuvenation of engineering works. 
Table 8 reflects both higher economic growth rate for the provinces west of 
Ontario and the West's lower concentration of population, which requires a 


more extensive per-capita rail network. 


TABLE & 


Average Annual Per Capita Expenditures for Track 
and Road Construction by Province 


(1971 dollars) 


Newf ound land* 
Prince-Edward-Is land* 
Nova Scotia 
New-Brunswick 
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9.87 
8.09 
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Source: Construction in Canada, Statistics Canada, catalogue 64-201. 
* Because track and road expenditures are not part of CANSIM for this province, we 


have used the total amount for engineering railway engineerin 
telephone and telegraph lines has been used. yong g construction, 


CHAPTER 4 


SUBSIDIES 


Subsidies are an external factor that can influence the investment level 
directly or indirectly. This chapter focuses on the scope and growth of 


these subsidies, rather than examining their effect on investment. 


The government subsidizes railways largely because of social and regional 
development considerations. The traditional economic approach that 
explains production in terms of capital stock and labour may be inadequate 
for railways because of subsidies and the non-uniform use of capital 
Stock. Subsidies have made it possible to create a higher level of demand 
than would have been feasible for a company with profitable routes only. 
Doubtlessly this demand has encouraged the creation of new investments. 


Government subsidies in transportation can be divided into two categories: 
direct grants, ji.e., actual subsidies representing direct payment by the 
government to the carrier, and indirect grants for partial or total funding 
of the costs involved in providing and operating a public transport 
infrastructure. 


The federal government has only marginally contributed to infrastructure 
investment for rail transport. Instead, its participation has been focused 
on subsidies for passenger service and for freight hauling on unprofitable 
branch lines. This includes payments made under the Branch Line 
Rehabilitation Program, amounting to $30 million for the 1977-1978 fiscal 
year, $70 million for 1978-79 and a further $70 million for 1979-80. The 
following reasons are usually advanced to justify these subsidies: 
efficiency, by expanding increasing returns to scale to achieve an output 
level at which additional profits will offset original subsidies;2 
assistance for regional economic expansion by providing the necessary 


3 The Economic Basis for Transport Subsidies, Canadian Transport 
Commission, Research Branch No. 00-/5-07, Ottawa. 
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facilities; aid for income redistribution; or promotion of other 


objectives such as national unity, defence and domestic industries. 20 


Most of these reasons, however, are controversial. A CIC studytl revealed 
that subsidies are an unreliable political device because their results are 
difficult to forecast without a thorough knowledge of the technology of the 
transport sector and of the major regional industries as well as the price 
and revenue elasticities of demand for the subsidized product. 


Passenger service subsidies are significant part of the assistance to 
railways, amounting to about 60% in 1977. Table 9 summarizes a survey of 
subsidies granted to CN and CP for passenger transport (according to 
section 261 of the National Transport Act). 


TABLE 9 


Amounts of Subsidies for Passenger Services, 
1969-197&* 


Canadian National Canadian Pacific TOTAL 
(millions of dollars) SUBSIDIES 


1969 = - Us 
1970 ~ 21.9 Cook 
1971 50.0 20.8 71.0 
1972 78.8 ast 99.3 
1973 91.9 rata Hl i Lo 
1974 105.2 ao.8 atts 
1975 132.2 32.0 164.7 
1976 156.2 3.6 1osr2 
1977 158.9 38.1 198.0 
1978 142.0 32.8 Lia 
* Compiled by the CTC Railway Economic Analysis Branch as of Decenber ci 


1978. 


10 Pricing and Subsid th : 
g Sidy of Air and Rail Passenger Transport, CTC R 
Branch, Report 246, March 1976. Pp esearch 
ll 


; oe ; tA 
ee ee and Regional Redistribution Policies, Report 299, 
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The federal government is the main government source for assistance to 
railways. In 1977, they received nearly 70% of the $478.1 million in 


direct subsidies granted by the federal government to transport 
(Table 10). 


TABLE 10 
Direct Federal Goverment Subsidies to the Railways 
by fiscal year, 1967-1977* 


(millions of dollars) (railways/transport ) 
in % 


= 
135, / 

LO 

97.7) average 

93.7} subsidy = 117.4 
12535 


15937 


Clee 

347.3) average 

280.0} subsidy = 300.5 
32255 

35025 


* According to Transport, CTC, March 1979. 


The fairly substantial direct subsidies awarded to the railways in 1973 and 
1974 coincided with a partial freeze on freight rates from mi-1973 to late 
1974. The average subsidies for the last five years are 2.5 times higher 
than the average for 1968-1972. 


Total federal direct aid to the railways for operation of service is shown 
in Table 11. The terms and conditions of the subsidies are subject to 
legislation.12@ The National Transport Act contains a program to gradually 
phase out rail subsidies by promoting competition. 


T2 For further information, the reader is referred to: 
Howard J. Darling, The Structure of Railroad Subsidies in Canada, York 


University Transport Centre, Toronto, Canada, October 1974. 
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Government assistance to Canadian National takes three forms: temporary 
loans, yearly purchases of preferred stock and offsetting the annual 
financial deficit, i.e., the debt service for the loans that the company 


received from the government.13 
TABLE 11 


Direct Railway Subsidiesl 
Amounts paid during 1949-1978 


Maritimes Freight "Bridge" Freight Rate National Freeze of 
Year Rates Act¢ subsidies - Reduction Act Transportation freight 
Sudbury- Act rates 
Thunder Baye 


6,982,237 
1950 8,474,558 
1951 10,029,670 


1952 10,130,696 4,147 ,843 

1953 10,480,642 6,999,719 

1954 10,531,255 7,000,000 

1955 10,982,990 7,000,000 

1956 12,459,502 7,000,000 

1957 12,568,126 7,000,000 

1958 13,150, 750 7,000,000 

1959 14,261,201 7,000,000 1,935,602 

1960 14,064,800 7,000,000 19,714,%3 

1961 12,209,476 7,000,000 69,156,198 

1962 12,936 ,500 7,000,000 56,689,077 

193 13,405,076 7,000,000 67,781,80U 

1964 14,724,861 7,000,000 75,700, 346 

1965 15 054,696 7,000,000 69,997 ,880 

1966 14,336,157 5,057,191 136,935,313 

1967 14,180,770 9,448,308 100,832,300 
1968 13,872,308 9,770 105,167,700 
1969 14,640, 786 82,000,000 
1970 13,999,542 68,000,000 
1971 13,111,636 53,970,421 
1972 13,073,041 71,955,881 
1973 14,014 819 131,497,066 41,000,000 
1974 15,539,606 169,402,950 118,000,000 
1975 16 220 600 419,243,590 
1976 17,103,362 315 014,307 
1977 15 986 457 282,106,861 
1978 15,379,400 356,588,847 


ea a re ee ere tsar aa. 
1 Source eee of Direct Transport Subsidies in Canada Canadian Transport 
omission, Research Branch, No. , Ottawa. 


Based on fiscal year. 


13 


Background of Direct Transport Subsidies ; 
Branch, No. 00-75-09. In Canada, CTC, Research 


CHAPTER 5 


INVESTMENT PROSPECTS FOR THE RAIL SECTOR 


5.1 General 


As shown by the last Guidelines,14 the growth rate of the Canadian economy 
in the 1980s will be well below that of the 1960s and the early 1970s. 
This decline will be reflected in rail traffic, which should grow at an 
average rate of 3.6% a year in terms of RDP should grow at an average rate 
of 3.6% a year, substantially lower than the 6.5% rate during 1961-1973. 
This. 3.6% rate was used in a simulation study of investment forecasts 
carried out with the CANDILE model!9. 


Lacking information on future subsidy policies, it was assumed that there 
would be no major changes in government aid patterns. Before the results 
are analyzed, some elements of economic theory as they relate to investment 
demand will be briefly reviewed. 


5.2 Summary Analysis of Concepts 


Two investment components are usually taken into account, (net) investment 
to increase production and investment to replace obsolete stock. The total 


gros investment, ip, thus equals the sum of net investment, in, and 


replacement investment, ir* 
ib =i it 


The problem here is that only data on gross investment are available from 
the survey. Thus, some assumptions on replacement investment, i.e., 
depreciation, had to be made to determine net investment. 


14 Strategic Planning Guidelines for the Program Forecast 1981/82 - 
1985-86, Transport Canada, ADMSP, June 1979. 


15 "Informetrica Ltd.", August 1979 version. 
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Statistics Canada uses a linear progressive depreciation funtion; that is, 
a capital stock with a useful lifetime of 10 years would lose 1/10 of its 
original value at the end of the first year, 2/10 at the end of the second 
year and so on, until it has completely depreciated at the end of its 


useful lifetime (Curve (b) in Figure 10). 


Illustration 10 


Categories of growth of accumulated depreciation 


V 
V= initial value of 
(a) capital stock 
L= lifetime of 
Accumulated capital stock 
depreciation (a) geometric growth 
(Jorgenson’s) 
(b) linear growth 
(Statistics Canada) 
O L 


(c) hyperbolic growth 


TIME 


To be able to explain gross investment, therefore, the theories of net 
investment and of replacement investment must be combined. Jorgensen's 
theory is the one used to formulate the model of gross investment demand 


for rail transport in CANDIDE. Its use regarding the depreciation function 
in this model can be mentioned now. 


This theory presupposes the use of a depreciation curve with geometric 
progression (curve (a) in Illustration 10). But as pointed out by 
J.G. Lorangerl6, it is not realistic to assume that an asset loses much of 


its value during its first years of life. He suggested that a hyperbolic 
type of growth (curve (c)) would be more appropriate. 


16 L'Actualité Economique, "The neo-classical theory of capital demand: 


theoretical problems of specifications", July-September 1976. 
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There is also the case of an "extreme" depreciation hypothesis where 
capital depreciates fully only at the end of its useful lifetime. In the 
graph this function corresponds to the horizontal axis starting at O to 
time L, when and only then does it assume the initial stock value. This 
last hypothesis may be somewhat realistic if one considers the repair and 
maintenance costs required to enable the capital stock to maintain its 
productivity throughout its useful lifetime except for increasing down-t ime 
due to more frequent repairs towards the end. With this case as a 
possibility, the results of the CANDIDE simulation now can be analysed. 


5.3 Simulation and Adjustments 


The pattern of simultaneous equations of which investment is a part can be 
summarized briefly: estimates of all final consumption through the 1971 
input-output matrix give the real domestic product of the economy. After 
adjustment because the matrix is not computed annually, the RDP and 
previous capital stock and other cost variables help to determine 
investment according to a Jorgenson model. 


All econometric models are based on a set of hypotheses that may or may not 
apply well: adjustments to the simulation results may be required. In 
this study the adjustments allow for the already mentioned fact that the 
Jorgenson model underestimates replacements at the end of their useful 
lifetimes and over-estimates them at the beginning. 


DERA estimates show that machinery and equipment capital stock will grow 
slowly during 1979-1990. A total investmentl7 of about $4.9 billion (1978 
dollars) appears realistic, given the very substantial retirements owing to 
stock aging the "extreme" depreciation hypothesis is followed, if these 
investments should be particularly high between 1980 and 1986 because of 
the retirements. But artificial prolongation of useful life through 
additional repairs should make it possible to stagger investments 
satisfactorily because retirements will decline in the late 1980 and early 
1990s. 


17 Refer to Footnotel, 
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Simulation results for construction stock allow for a high retirement rate 
of engineering works around 1985; therefore, they show a decline throughout 


these years. 


To offset the shortcomings of the Jorgenson model, which reacts too early 
to these retirements, and to allow for the slow but positive growth rate of 
recent years, the estimates for 1979-1980 to the extent of $6 billion 
(1978 dollars). Thus, total investment spending in the rail sector should 
be about $11 billion (1978 dollars) during 1979-1990 period. 


5.4 Results of Previous Studies 


One study by the Transportation Task Forcel8 jn 1975 compared three 
estimates for investment spending in the rail sector between 1976 and 1980. 


1976-1980 TASK FORCE18 ccTly EXTERNE 
(billions of 1975 dollars $5.25 $6.19 $3 Owns y2 


where the results from other sources were based on CN and CP estimates. In 
the light of actual data until 1978 and of Statistics Canada forecasts for 
1979, it is fair to assume an investment of about $740 million (1975 
dollars) for 1980 (compared with $533 million for 1978) to total $3 billion 
(1975 dollars) during 1976-1980. This is much less than from the forecasts 
above. This discrepancy arises because the figures for 1973-1974-1975 
seemed to indicate a strong growth rate trend, but there was actually a 
decline. Future capacity needs were perhaps over-estimated, and economic 


growth and that of the rail sector did not maintain the trends of the early 
1970s. 


ee 


1& eee Report _on Freight Transport in Canada, Transport Canada, 
une ; 


Transportation Investment Study Presentation, Canadian Transport 
ommission, Apri 
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eee stidye) by the CTC in 1976. forecasted rail investments for 
1976-1980 at between $4.3 and $5.3 billion (1975 dollars). Despite a 
downward adjustment, these figures remain too high. 


The table below offers a comparison of the Task Force forecasts with those 


of the Economic and Regional Analysis Division (DERA) for rail investment 
until 1990. 


TABLE 12 
Rail Transport Investment - Forecasts to 1990 
(billions of 1975 dollars) 


1976-1990 1979-1990 


TOTAL GONST. MBE TOTAL CONST. ME 


TASK FORCE (1975) 9.0-15.7 6.10.0 3.0-5.7 not available 


DERA (1979) 10.2 Fe 4.5 8.9 4./ 3.8 


One conceptual element in these simulations is the hypothesis on the useful 
lifetime of machinery and equipment. Statistics Canada data assume a 
lifetime of 28 years. Some U.S.2! studies estimate the lifespan of 
optimal use at 18 years for freight cars and 15 years for locomotives. A 
study commissioned by the CTC also takes 15 years as the useful lifespan 


for diesel/locomotives.2¢ This study uses the Statistics Canada figures 
because they were used to build up the existing capital stock series. 


20 Transportation Capital Expenditure Forecasts, CCT, Report No. ESAB 
76-7, March 1976. 


21 Rail Industry Capital Needs, Thomas W. Smith, in Proceedings, 
Nineteenth Annual Meeting 1978, Transportation Research Forum, 
Volume XIX. 


22 Truck and Rail Technological Developments to 1990, CCT, Research 


Branch, 10-78-19, Ottawa. 
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CONCLUSION 


According to assumptions on useful life span applied in this study, 
Significant retirements of engineering works and machinery and equipment 
are expected in the 1980s. This, together with a moderate growth in demand 
for rail services, lead to an estimated investment of about $10.9 billion 
(1978 dollars) of this total, $4.9 billion should be earmarked for 
machinery and equipment and $6 billion for construction. 


While there mostly was surplus capacity on Canadian railways in the past, 


this is no longer so today. Large investments will be required to meet 
future demand. 


The problem of past surplus capacity appears to have been due to a lack of 
coordination in investment planning. Considerable expenditures led to 
duplication of facilities on some routes while others lacked them 


completely. An increasing problem of diminishing capacity is expected in 
the future. 


A capital-intensive industry, rail transport has a relatively low rate of 
return compared to other transport modes. The justification advanced for 
passenger service subsidies is very controversial, leading to the prospect 
that rail transport may be increasingly confined to freight hauling in the 
future. In this context, J.H. Spicer, Vice-President of Canadian National 


has noted: 


"We have established that passenger train services cannot be 


operated on anything approaching a profit-making basis..."63 


Moreover, he pointed out that one of the major problems will be the 


financing of such investment projects. 


23 Capital Requirements in the Railroads--The Next Twenty Years, in 
Proceedings of the Transportation Research Forum, 19//. 


35 


36 


Also relevant is a paragraph from the Strategic Planning June 1979 


Guidelines regarding passenger services: 


"Although planned improvements would encourage strong growth, 
there are several countervailing factors. First, current lower 
rail fares have entailed jncreases in subsidies and therefore 
fares are likely to rise. Second, fiscal restraint may prevent 
the extensive investment necessary to improve service. Finally, 
long haul rail is limited by the increasing attractiveness of 


discount air fares. "24 


The present report represents a basis for an investment study. It 3s 
confined to a global approach and analysis of the problem. It would be 
desirable to carry out disaggregated complementary studies at the network 


and regional levels. 


EEE 


24 Strategic P] 
annin Guidelines for the P 
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TABLE A-1 


Railway Real Domestic Product 


(millions of 1971 dollars) 


RDP RDP 
vs 

708.34 

LURES -0.4 
749 02 LOD 
B13 .61 4.4 
792 .56 -2.6 
420.37 -9.1 
845.19 epee) 
964 .00 14.1 
902.34 -6.4 
806.09 =O 07 
825.64 2.4 
803 .08 -2./ 
809.10 0.8 
854.22 o.0 
908 . 36 6.0 
1031.68 1326 
105.37 leg 
did 91 Lt 
1129.43 O.7 
lg2z 6/7 So 
1335.46 G2 
1394.11 4.2 
1503 .90 8.1 
164d .59 es 
1682.86 6./ 
1824.23 8.4 
1734.00 -5.0 
1758.06 Dee 
1449.11 Lec 
1798.7 1.1 
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A-2 


TABLE A-2 


Gross Investment and Gross Stock 


(millions of 1971 dollars) 


Inv. Inv. Rail Retirements Midyear 
Inv. Total Invest. Total of gross gross 
Rail Economy Economy* stock stock 

ae ee 
1949 260 aes Ss| 3.9/ DY ok 14144.5 
1950 besa 7,042 2.60 82.8 14246.0 
1951 SlLoe7 7,068 4.52 TO5.2 14S eo 
1952 389.2 7,892 4.93 ToL 14564.7 
1953 436.8 8,861 4.93 167.0 14813.5 
1954 384.5 8,858 4.34 1T70e2 155. 
1955 304.8 9,678 ial 227.4 157i 
1956 S05 cl 11,446 4.41 206.4 15389 .4 
1957 597.8 12262 4.88 Sheseira 15668.7 
1958 505.25 12,126 4.17 SW, 15894.7 
1959 540.9 P2194 4.44 ee bade 16104.9 
1960 486.8 7 S0 4.13 298.5 163i729 
1961 320.8 11,748 east he) Syevarnd| 16391.3 
1962 294 .3 Tes2r8 2.40 528.4 1625000 
1963 Sa" 12,841 dee Bi 520.4 16055. 1 
1964 33554 14,549 eau sy aoe gl 1557 520 
1965 366.8 16,259 2.26 696.0 1561 ono 
1966 37-26 £8015 all 6537 | L532 165 
1967 428.3 17,942 2.39 722.4 15046.8 
1968 33/58 17,964 1.88 702.4 By dh. 
1969 340.3 18,850 eed 583.8 14413.0 
1970 349.6 18,904 E285 497.2 1421753 
1971 349.7 20,800 1.68 244.0 14196 .3 
1972 339.0 218955 1.54 Apliyad! 14301.4 
1973 an07 24,384 1.44 Ad tel 14427.0 
1974 Si bes rere pa Y 1.44 230.9 14571.8 
1975 485.4 26,744 st 295.8 14736.7 
ee 402.5 26,949 1.49 347.9 14858 .8 
977 344 .2 26,800 bape a 284.7 14915 .9 
1978 389.2 321.4 14979.6 


* Business and Government. 


TABLE A-3 


Aging of Stock 


Computations of net stock/ 
gross stock ratio 


A-3 


Total 
1949 645 
1950 .44 
1951 43 
1952 sith) 
Pots 43 
1954 43 
1955 42 
1956 ~42 
1957 .43 
1958 .44 
1959 44 
1960 .44 
1961 .44 
1962 .44 
1963 245 
1964 245 
1965 .46 
1966 cp 
1967 .48 
1968 mas) 0) 
1969 ee) 
1970 nea 
1971 ane Va 
1972 nora dh 
1973 the 
1974 asa | 
1975 bah 
1976 saw 
1977 ae 


1978 


Machinery and 
Equipment* 


poe 
sais) 
.04 


Buildings 


38 
rou 
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Engineering 
Construction 


* Machinery and Equipment. 


A-4 
TABLE A-4 


Gross Investments in Rail Transport 


(millions of 1971 dollars) 


OE Ee 


Machinery and Engineering 
Total Equipment Buildings Construct ion 
1949 260.0 129.8 hao lige 
1950 Lea 96.8 4.9 75.9 
1951 51937 Loe 4 loge 
1952 389.2 20221 8.0 171.4 
1953 436.8 229.5 i2.t 186.8 
1954 384.5 249.9 Lie lipase 
1955 304.8 142.8 L220 143.4 
1956 505.1 oo .0 17.4 241.6 
1957 597.8 201.0 18.6 289.8 
1958 SUS. 204.4 CS as 268.9 
1959 540.9 164.3 2620 344.1 
1960 486.8 el, 0 40.5 Pe 
1961 320.8 eae Se, Ct Owl 
1962 294 .3 NS 26.5 2UG a 
1963 347.5 54.2 39.9 249.7 
1964 oS el OL 25.9 226.8 
1965 336.8 199.5 135 148.3 
1966 397.6 186.1 19.9 A Ped ees: 
1967 428.3 175.6 2320 Vat axe ye 
1968 Boles L3G.0 2058 174.8 
1969 340.3 ae, ‘abpal 176.9 
1970 349 .6 £397 22.9 181.4 
1971 349.7 SiS 19.6 Waa 
1972 362.6 169.7 ho bes, 1672 
1973 S50 o/ 143.5 18.6 le226 
1974 31.3 140.3 28.9 196.0 
1975 485.4 224.0 Sok ae oe 
1976 402.2 166.5 26.0 203.2 
1977 334.7 116.9 24.4 Weak 
1978 350.8 P5020 24.6 38244 
1979* 397.6 1673 27.4 201.0 


a Na a” I a OEE SI I EN 


* Forecasts. 
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TABLE A-5 


Mid-Year Gross Stock in Rail Transport 
(millions of 1971 dollars) 


ee 


Machinery and Engineering 
Total Equipment Buildings Construct ion 
1949 14144 .5 1943.4 743.1 11433.8 
1950 14246.0 1993.1 742.1 11483.0 
195] 193/325 2068.9 739.5 11534.4 
1952 14564.7 Zt ine 738.1 11616.5 
1953 14813.5 2345.5 138.5 11694.9 
1954 15055 .3 2543.8 Laoeat 11737.6 
1955 Loz01 74 2660.9 734.0 11769.1 
1956 15389 .4 CLG 129.9 11848 .3 
1957 15668.7 2915-8 720.9 11994.1 
1958 15894.7 3012.2 710.4 12134.7 
1959 16104.9 3099.4 105.9 12264.5 
1960 16312.9 3199.1 705.1 12374.7 
1961 16391,3 3L16.9 AOS. IZ3/5 4 
1962 16258.5 S825 1 695.5 12210 3 
1963 2605521 3369.3 684 .2 11978 .0 
1964 15873.5 3405.7 676.1 117/04 
1965 15613.9 3467.0 660.4 11466.0 
1966 £53215 3565.1 653.4 11081.5 
1967 15046.8 36/520 662.5 10685 .9 
1968 14717 33 3766.6 61343 10251.9 
1969 14413.0 S85142 682.1 9852 iF 
1970 14717,3 3944.4 691.5 9553.8 
1971 14197.3 4028.4 700.7 9440.2 
1972 1 ie ag 4105.8 1108 9468.8 
1973 14450.6 4187.9 718.4 9515.2 
1974 14595.2 4279.9 728.8 9555.8 
1975 14760.3 4389.8 evans) 9586.7 
1976 14882 .4 4459.8 773.4 9617.1 
1977 14934.2 4460.2 783.3 9658.4 
1978 14973.7 4473.7 788.6 9678.7 
1979* 14982.5 4478.3 790.5 9680.2 


IE of 0 ee eee 
* Forecasts 


TABLE A-6 


Retirements of Gross Stock in Rail Transport 


(millions of 1971 dollars) 


Machinery and Engineering 
Total Equipment Buildings Construction 
“eee tausdeadl Jol. eye eee 2 ee 
1949 157.1 95.1 6.4 93.0 
1950 82.8 Souk 7.8 40.7 
1951 165.2 105.8 8.6 46.0 
1952 rot 30 72.4 Bye 74.6 
1953 167.5 e234 Liz L260 
1954 170.2 Cleat L8y3 89.8 
1955 227.4 98.3 L726 105.3 
1956 206.4 TEN, els 120.8 
1957 338.1 Loe 3352 119.1 
1958 Sbo.! 114.4 3148 158.3 
1959 Stoo 79.9 30.1 195.0 
1960 298.5 6.6 377 248.4 
1961 ep ares Ci 3843 298.1 
1962 528.4 9.6 43.9 466.5 
1963 520.4 13.4 44,7 455.6 
1964 F251 46.1 S73 435 34 
1965 696.0 109.1 33.26 548 .3 
1966 6534 80.2 1328 555 x3 
1967 722.4 61.8 Lh.6 645.4 
1968 702.4 66.9 wD ee 620.6 
1969 Sisto: Soa Be 0 52955 
1970 497.2 530 L2.3 426.4 
1971 243.9 pies 1s 156.5 
1972 256.7 96.2 8.4 126 #2 
1973 201.7 5256 1238 13047 
1974 230.9 46.9 1p,9 166 #7 
1975 295.8 97.6 10.0 [82 %6 
1976 347.9 bs259 be LFS. 
1977 205.03 A 16.5 132 & 
1978 S214 96.8 2069 196.7 
1979 409.3 192 <3 26 «3 184.1 
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TABLE A-7 


Indices of Employment and Production 
Per Employee in Rail Transport 


(1971 = 100.0) 


ne 


RDP/ 
Emp loyment Emp loyee 
eeeeene SOf. .-—s A Sar ehiee... 8 age eS ee 

1957 ib! 2 39.7 
1958 138.6 B07 
1959 135.0 40.5 
1960 124.4 42.9 
1961 119.2 45.2 
1962 MoO. 48.8 
1963 113.9 Sis, 
1964 114.9 Soe 7. 
1965 114.5 64.2 
1966 pei eh 66.0 
1967 Piso 65.2 
1968 104.9 TB hes) 
1969 106.6 Soo 
197U 100.4 Arg 
1971 100.0 100.0 
1972 100.2 104.7 
1973 05 ae £17 eS 
1974 LOS on OY rer 
1975 Olay 114.0 
1976 Sloe 22 2 
1977 94.7 124.9 
1978 94.2 gay pre 
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TABLE A-& 


Repair Expenditures in Rail Transport 
(millions of dollars) 


ee ee ee ee Le 


Total Constructions M&E 
(eae Se mee ee 

1956 33555 152-6 183.9 
1957 356.9 162.6 194.3 
1958 G2oto 1455 180.2 
1959 S4123 159.9 181.4 
1960 308 .6 135.9 Lizen 
1961 314.0 142. 1 1/1439 
1962 CUR ae £36).4 166.9 
1963 Sid pees, 135.2 18227 
1964 344.7 Poe 203.6 
1965 346.0 ey oe 208.9 
1966 360.7 143.3 21/7 34 
1967 Cored 149.3 238.4 
1968 382.4 148.1 23453 
1969 395 25 154.9 240.6 
1970 420.1 166.1 254.0 
1971 459.2 Ero] 209 a4 
1972 497.4 193.0 304.4 
1973 544.7 CAG ies: Cya eed!! 
1974 689.1 Zo .9 401.2 
1975 767.9 Sa dpe: 440.1 
1976 G52 a) arid 481.3 
1977 087 53 4i6,3 er. 
1978 1066.0 Wag) iN 636000 


TABLE A-9 


A-9 


Study of the Repairs/Construction Ratio for Tracks and Roads 


(in thousand of dollars) 


Constructions 


42346 

61199 
121788 
141098 
145269 
167542 
163198 
122161 
107295 
127473 
124580 
102086 
130145 
156461 
134035 
129708 
138200 
146234 
152412 
201742 
238919 
272285 
292974 
326963 
324881 


Repairs 


142816 
133419 
11191 
120069 
114589 
114796 
105872 
109410 
103957 
103666 
104214 
100805 
105653 
108931 
113969 
115087 
118226 
123834 
134007 
153944 
199289 
228636 
261388 
304152 
351609 


Rep./const. 
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TABLE A-10 


Comparison of Synthetic Price Index for Rail 
Investment and the Synthetic Price Index 


of Gross National Expenditure 


1971 = 100 
888 Se eee eee ee 
Rail GNE 
eels Sa ee 

1950 0 ee) 
1951 .64 sol 
1952 oy .64 
1953 .64 .64 
1954 67 S05 
1955 .66 65 
1956 69 67 
1957 J? 69 
1958 ae 70 
1959 «/0 rat 
1960 sO Vira 
1961 .68 72 
1962 wie 73 
1963 70) 75 
1965 81 79 
1968 86 89 
1970 95 “97 
1971 1.00 1.00 
1972 1.04 1.05 
1973 (wera. jigsl so 
1974 Too 2 
1975 1? 1.46 
1976 [08 1.60 
1977 1.78 D7? 
1978 £90 1.83 


TABLE A-11 


Net Investment by Category of Depreciation 
(millions of 1971 dollars) 


“Extreme” Hypothesisa Linear Growthb 

1949 10229 =3702 
1950 100.4 Sy. 
1951 154.5 tet 
1952 228.2 hasty 
1953 269.3 Wee 
1954 214.3 58.1 
1955 77.4 -26.3 
1956 298.7 168.6 
1957 259.7 253.6 
1958 192.6 155.4 
1959 2271.0 186.0 
1960 188.3 i 26en 
1961 -31.3 -41.9 
1962 -234.1 -65.9 
1963 -172.9 -8.9 
1964 -190.0 -18.3 
1965 =329.2 17.2 
1966 -255.5 -51.6 
1967 -294.1 84.9 
1968 -365.1 -2.2 
1969 -243.5 4.7 
1970 -147.6 Toe 6 
1971 10523 14.6 
1972 259 23.8 
1973 149.0 ee 
1974 140.4 24.2 
1975 189.6 133%) 
1976 54.3 46.2 
1977 49.4 -22.3 
1978 29.4 Nhs 
a "Extreme hypothesis" = gross investments less retirements. 


b Linear growth = gross investments less linear depreciation. 
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